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1

METHOD OF TREATING INFLAMMATORY
BOWEL DISEASE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of application Ser. No.
07/624,814. filed Dec. 7, 1990, now U.S. Pat. No.
5,216,002, which is a continuation-in-part of application

Ser. No. 07/454,203, filed Dec. 21, 1989, now aban-
doned.

BACKGROUND OF THE INVENTION

Mammals, both humans and animals, are known to
suffer from various conditions involving inflammation
of the bowels. Such conditions are typically character-
1zed by unpleasant symptoms such as diarrhea, cramp-
ing and loss of appetite. Certain of the conditions, in
particular ulcerative colitis, are also characterized by
patches of ulceration. Accordingly, there is a need for a
safe drug which will decrease the severity of bowel
inflammation and alleviate the symptoms associated
therewith.

Teuber et al., Liebigs Ann. Chem., 757 (1978) discloses
5-([3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]me-
thylene)-2-thioxo-4-thiazolidinone as an intermediate in
the preparation of certain compounds, which are in turn
used for the spin-labeling of peptides. No biological
activity is disclosed for this intermediate compound.

European Patent Application 211,670 discloses cer-
tain di-t-butylphenol substituted rhodanine derivatives
which are useful in treating inflammation, stroke and
arthritis in mammals. The inflammatory conditions
which may be treated using the reference compounds
involve inflammation of skin tissue and joint swelling.
Such conditions are commonly associated with diseases
such as rheumatoid arthritis, rheumatoid spondylitis,
osteoarthritis, degenerative joint diseases and the like.
Methods for treating inflammatory conditions involv-
ing inflammation of the bowels are not disclosed.

The present invention relates to a method of treating
inflammatory bowel diseases. More specifically, the
invention provides a method of treating inflammatory
bowel diseases in humans using a benzyl substituted
rhodanine derivative. The present method provides for
safe and efficacious reduction in the severity of bowel
inflammation, and also alleviates the unpleasant symp-
toms associated therewith.

SUMMARY OF THE INVENTION

The present invention provides a method of treating
inflammatory bowel disease in a mammal suffering from
said disease, or susceptible to said disease, comprising
administering to said mammal an effective amount of a
compound of the Formula (I)

O (I)
A\
R3 Q
RI
4
R X R’
HO RS R6

wherein:
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2

Rl and R? are each independently hydrogen, C;-Cg
alkyl, Cy)-Cegalkoxy, Cy-Cgalkenyl, C2-Cg alkynyl,

O
|
C1-C4 alkyl-O—C—(C{-C4 alkyl) or ~=(CH,),—S

where n 1s an integer from 0 to 3, both inclusive;

R3 is hydrogen or C1-Cg alkyl:

R#and R? are each hydrogen or when taken together
form a bond;

R%and R7 are each hydrogen or when taken together
are =S, or when one of R%and R7is hydrogen the
other 1s —OH or —SCH3;:

X 1s

©)
T

where m is 0, 1 or 2; and

Q is —CH—, —O— or NR?® where R2is hydrogen,
C1-C¢ alkyl, C-C¢ alkenyl, C3-Cs cycloalkyl,
—S0,CH3 or —(CHy),—Y, where n is an integer
from O to 3, both inclusive, and Y is cyano, ORS,

I
_éRIG,

tetrazolyl, —NR1IR12, __SH, —S(C;-Cj alkyl) or

O—C-C4 alkyl

where R is hydrogen, C1-Cy alkyl, or

O
|
e C—C-Cy alkyl;

R10is C1~-C4 alkyl, C;-C4 alkoxy or —NH>; RI1l
and R12 are each independently hydrogen, C-Cs
alkyl, C-Cg alkenyl, C;-Cg alkynyl, —(CH3),OH,
—(CH2);—N(C-C4 alkyl);, —(CH3),—S(C1—C4
alkyl) or

—(CH3),,

where n is as defined above and q is an integer from 1 to
6, both inclusive; or R1! and R12 taken together form a
morphohinyl, piperldinyl, piperazinyl or an N-methyl-
piperazinyl ring; or a pharmaceutically acceptable salt
thereof.

The present invention further provides new com-
pounds of the Formula II
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(1I)

wherein:
R1lis Cy-Cg¢ alkenyl, C,-Cg alkynyl or

—(CH2),—S

where n is an intéger from O to 3, both inclusive;
R? is hydrogen, C1-Cg alkyl, C1-Cg alkoxy, Co—Cg
alkenyl, C,-Cg alkynyl,

0,
{
C|-C4 alkyl-O—C—(C;-C; alkyl) or (CH3),—S

where n is as defined above; and R3, R4, R5, R6, R7, X
and Q are as defined for Formula I; and pharmaceuti-
cally acceptable salts thereof.

According to a further aspect of the present inven-
tion, there are provided pharmaceutical compositions
comprising as active ingredient a compound of Formula
II, or a pharmaceutically acceptable salt thereof, in
association with one or more pharmaceutically accept-
able diluents, carriers or excipients therefor.

Finally, the present invention also provides a process
for selectively isolating, in substantially pure enantio-
meric form, one of the enantiomers of a racemic mixture
of a compound of Formula I wherein X is —S—:; R4and
R are hydrogen; and R!, R2, R3, RS, R7 and Q are as
defined for Formula I, comprising

a) reacting the racemic sulfide compound with a
reagent prepared from the combination of a tartrate
ligand, a titanium alkoxide, a hydroperoxide and, op-
tionally, water until substantially all of the undesired
enantiomer of the sulfide substrate has been converted
to its sulfoxide analog; and

b) separating the unreacted portion of the sulfide
starting material, consisting essentially of substantially
pure desired enantiomer, from the reaction mixture.

DETAILED DESCRIPTION OF THE
INVENTION

As used herein, the term “C-Cg alkyl” refers to
straight and branched chain aliphatic radicals of 1 to 6
carbon atoms, both inclusive, such as methyl, ethyl,
propyl, 1sopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
n-pentane, isopentane, n-hexane, isohexane and the like.
The term “Cy1-Cg alky]l” includes within its definition
the term “C;-C4 alkyl”.

The term “C-Cg alkoxy” refers to the alkyl radicals
~of 1 to 6 carbon atoms, both inclusive, attached to the
remainder of the molecule by oxygen and includes me-
thoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
sec-butoxy, tert-butoxy, pentoxy, hexoxy and the like.
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4

The term “C1~Cg alkoxy” includes within its definition
the term “C-C4 alkoxy”.

The term *“Cy-Cg alkenyl” refers to straight and
branched chain radicals of 2 to 6 carbon atoms, both
inclusive, having a double bond. As such, the term
includes ethylene, propylene, isopropylene, 1-butene,
2-butene, 2-methyl-1-propene, 1-pentene, 2-pentene,
2-methyl-2-butene and the like.

The term “C;-Cg alkynyl” refers to straight and
branched chain radicals of 2 to 6 carbon atoms, both
inclusive, having a triple bond. As such, the term in-
cludes acetylene, propyne, 1-butyne, 2-butyne, 1-pen-
tyne, 2-pentyne, 3-methyl-1-butyne, 1-hexyne, 2-hex-
yne, 3-hexyne and the like.

Compounds of Formula I wherein Rl and R2? are
other than C;-C4

m
alkyl-O—C—(C-C4 alkyl),

R3is other than C3-Cgalkenyl, Y is other than —SH or
—S(C1-C4 alkyl) and R!! and R12 are other than C>-Cg
alkenyl or Cy-Cg alkynyl are preferred for use in the
method of treating inflammatory bowel disease of the
present invention. Of this preferred group of com-
pounds, somewhat more preferred are those com-
pounds of Formula I wherein R! and R2? are each C1-Cg

alkyl, C>-Cg¢ alkenyl, C-Cg alkoxy or

CH>—S :

R’ is hydrogen; R* and RS5 are each hydrogen or when
taken together form a bond; R® and R7 are each hydro-
gen or when taken together are =—S; X is

©)
T
_S—,

where m is 0; and Q is —O— or NRS, where R8 is as
defined for the preferred group of compounds. Of this
somewhat more preferred group of compounds, partic-
ularly preferred compounds for use in treating inflam-
matory bowel disease are those compounds wherein R,
RZ R3, R4 R5, RS, R7, X and m are as set forth immedi-
ately above, and Q is NR8 where R8is hydrogen, C;~Cg
alkyl or —(CH3),—Y; wherenis0and Y is —NRIIR12
(R and RI2 each being independently hydrogen or
C1-Ce alkyl). |

Of these particularly preferred compounds, espe-
cially preferred compounds for use in the method of the
present invention are those compounds wherein R! and
R? are independently C|-Cg alkyl, in particular 1,1-
dimethylethyl; R3, R4, R>, R6and R7 are hydrogen; X is

(O)r
|

_.S—.-.,

where m is 0; and Q is NR8 where R8is hydrogen. The
most preferred compounds for use in the method of
treating inflammatory bowel disease provided by the
present invention are 5-[[3,5-bis(1,1-dimethylethyl)-4-
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d
hydroxyphenyl]lmethyl]-4-thiazolidinone, 5-{[3-(1,1-
dimethylethyl)-4-hydroxy-5-propylphenyl]methyl]-4-
thiazolidinone and 5-[[3,5-dipropyl-4-hydroxyphenyl]}-
methyl]-4-thiazolidinone.

Compounds of Formula II wherein R2 is other than
Ci-Cs4

I
alkyl-O—C—(C;-C; alkyl),

R3is other than C; -Cgalkenyl, Y is other than —SH or
—S(C1-Cs alkyl) and R!! and R12 are other than Cr-Cs
alkenyl or C2-Cg¢ alkynyl are preferred. Of this pre-
ferred group of compounds, somewhat more preferred
are those compounds of Formula II wherein R! is
C2-Cealkenyl; R2is Ci-Cgalkyl or C2-Cgalkenyl; R3is
hydrogen; R* and R are each hydrogen or when taken
together form a bond; RS and R7 are each hydrogen or
when taken together are =S; X is

()
|
_S_’

where m is 0; and Q is —O-— or NR&, where R8 is as
defined for the preferred group of compounds. Of this
somewhat more preferred group of compounds, partic-
ularly preferred compounds are those compounds
wherein R1, RZ2, R3, R4 R5 R6 R7 X and m are as set
forth immediately above, and Q is NR8® where R8 is
hydrogen, Ci-C¢ alkyl or —(CH3),—Y; where n is O
and Y is —NRUR!2 (Rl and R!2 each being indepen-
dently hydrogen or C-Cg alkyl). Of these particularly
preferred compounds, especially preferred compounds
are those compounds wherein R! and R2 are each inde-
pendently C>~Cg alkenyl R3 R4 R5 R6 and R7 are
hydrogen; X is -

(O)rm
I
— S_

where m is 0; and Q is NR® where R3is hydrogen. The
most preferred compound of the present invention is
5-[[3,5-di-2-propenyl-4-hydroxyphenyl}jmethyl}-4-
thiazolidinone.

The compounds of the present invention, as well as
the compounds employed in the method of the present
invention, wherein R4 and R> are hydrogen have an
asymmetric center at the carbon atom at the 5-position
of the rhodanine, or rhodanine derivative, ring. As
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6
5-[[3,5-diethenyl-4-hydroxyphenyl]methylene]-3-(3-
methoxypropyl)-2-thioxo-4-thiazolidinone
5-[[3,5-bis(4-pentyne) -4-hydroxyphenyl]methyl]-3-
ethylamino-4-thiazolidinone
5-[[3-ethylthiophenyl-4-hydroxy-5-methylphenyljme-
thylene}-2-thioxo-4-thiazolidinone
5-{[3-(2-butene)-4-hydroxy-S-isopropoxyphenyl]me-
thyl}-3-(3-diethylaminopropyl)-4-thiazolidinone
5-[[3-(2-propenyl)-4-hydroxy-5-(1,1-dimethylethyl)-
phenyl]methylene]-3-cyclohexyl-4-thiazolidinone
5-[[3,5-(methylthiophenyl)-4-hydroxyphenyl]me-
thylene]-3-propyl-2-thioxo-4-thiazolidinone
5-[[3,5-diacetylene-4-hydroxyphenyl]lmethyl]-4-
thiazolidinone
5-[[3-(3-methyl-1-butene)-4-hydroxy-5-propyiphenyl]-
methylene}-3-ethylcyano-4-thiazolidinone
5-[[3-(2-propenyl)-4-hydroxy-5-methoxyphenyljme-
thyl]-3-ethoxy-4-thiazolidinone
5-[[3,5-di-2-propenyl)-4-hydroxyphenyl]methylene}-3-
(methylaminomethyl)-2-thioxo-4-thiazolidinone
The following compounds illustrate representative
compounds, in addition to those mentioned above,
which are suitable for use in the method of the present
Invention. '
5-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyljme-
thylene]-3-(3-methoxypropyl)-2-thioxo-4thiazolidi-
none
5-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]me-
thylene}-2-thioxo-4-thiazolidinone
5-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyljme-
thylene}-4-thiazolidinone
5-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyljme-
thyl]-4-thiazolidinone
5-[[3,5-bis(1, 1-dimethylethyl)-4-hydroxyphenyl]me-
thyl]-2-thioxo-4-thiazolidinone
3-acetyl-3-[|3,5-bis (1,1-dimethylethyl)-4-hydroxy-

- . .phenyllmethylene}-4-thiazolidinone

45

50

such, the compounds can exist as either a racemic mix- -

ture, or as individual stereoisomers. The method and
compounds of the present invention encompass both the
racemate and its individual stereoisomers. The process
of the invention provides a method for obtaining stereo-
isomers of certain of the compounds of the present
invention, as well as certain of the compounds used in
the method of the present invention.

Pharmaceutically acceptable salts are considered to
be encompassed within the compounds and method of
the present invention. Such salts may be prepared by
reacting a compound of Formula I or 1I with a strong
base, such as sodium hydroxide, or a strong acid such as
hydrochloric acid.

Compounds of the present invention include the fol-
lowing: |

35

60

65

5-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]methyi-
3-imethyl(1-methylethyl)amino]-4-thiazolidinone
5-[4-hydroxybenzal]rhodanine
5-(4-hydroxy-3-methoxybenzylidene)rhodanine
5-{(4-hydroxy-3,5-dipropylphenyl)methylene]-3-2-
(dimethylamino)ethyl]-4- thiazolidinone
5-[f3, S-bls(1-methylpmpyl)-4-hydroxyphenyl]methyl]
3-methyl-4-thiazolidinone
5-[13, S-dlmethyl#hydroxyphenyl]methylene] 3-meth-
yil-4-thiazolidinone
5-[13,5-bis(1, 1-dlmethylethyl)-4—hydroxyphenyl]me-
thyl]-3-(methylsulfonyl)-4-thiazolidinone |
5-[[4-hydroxy-3,5-bis(1, 1-dlmethylethyl)phenyl]me-
thyl]-3-(propylamino)-4-thiazolidinone
3-amino-3-[[3,5-bis(1, 1-dimethylethyl)-4-hydroxy-
phenyllmethylene}-2-thioxo-4-thiazolidinone
5-[[3,5-bis(1-methylethyl)-4-hydroxyphenyl]methyl]-3-
methyl-4-thiazolidinone
5-[(4-hydroxy-3,5-dimethoxyphenyl)methyl]-3-methyl-
2-thioxo-4-thiazolidinone
5-[(4-hydroxy-3,5-dimethoxyphenyl)methylene]-3-
methyl-2-thioxo-4-thiazolidinone |
Some of the compounds employed in the method of
the present invention are known, see, e.g., European
Patent Application 211,670 and Teuber et al., Leibigs
Ann. Chem., 757 (1978). However, the majority of the
compounds used in the method of the present invention,
as well as the compounds of the present invention, are
novel. In general, these compounds may be synthesized
as follows. |
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7
- Teuber et al. disclose 5-[[3,5-bis(1,1-dimethylethy!)-4-
hydroxyphenyl]methylene]-2-thioxo-4-thiazolidinone

(referred to in the following discussion as Compound
A). The compound is prepared by reacting 3,5-di-tert-
butyl-4-hydroxybenzaldehyde with rhodanine at reflux
temperature in glacial acetic acid using fused sodium
acetate as catalyst. 5-[[3,5-Bis(1,1-dimethylethyl)-4-
hydroxyphenyl]methylene]-4-thiazolidinone
pound B), 5-[[3,5-bis(1,1-dimethylethyl)-4-hydroxy-
phenyl]methyl]-4-thiazolidinone (Compound C) and
5-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]me-
thyl]-2-thioxo-4-thiazolidinone (Compound D) can be
prepared from Compound A.

For example, when Compound A is subjected to
catalytic hydrogenation, one obtains both Compounds
B and C. The relative proportions obtained depend
upon the temperature, pressure, and duration of hydro-
genation, the solvent employed, and the particular cata-
lyst used. For example, when Compound A is treated
with 5% palladium on carbon in ethanol at 100° C. for
approximately 18 hours, the relative ratios of Com-
pound B:C are approximately 60:40. Alternatively,
these transformations may be accomplished by heating
Compound A in a mixture of hydrochloric acid and an
alcohol, such as ethanol, in the presence of zinc. Reduc-
tion of the thione without affecting the benzylic double
bond may be accomplished by heating the thione with a
reducing agent such as tri-n-butyl tin hydride in a non-
reactive solvent, such as toluene, and preferably in the
presence of a free radical initiator, such as azobisisobu-
tyronitrile. However, for such reduction to work an
N-substituted rhodanine substrate (i.e., Q cannot be
—NH) must be employed.

The transformation of Compound A to D may be
accomplished by a variety of methods known in the art.
A preferred method is that taught by Nakamura et al.,
Tetranedron Letters, 25, 3983 (1984). In this reaction,
Compound A is treated with a dihydropyridine such as
diethyl 2,6-dimethyl-1,4-dihydro-3,5-pyridinedicar-
boxylate 1n the presence of silica gel. The reaction is
best carried out in the presence of a nonreactive solvent
such as benzene or toluene, preferably under an inert
atmosphere. The reaction may be accomplished at tem-
peratures from about 25° C. up to the reflux temperature
of the mixture. At the preferred temperature of approxi-
mately 80° C., the reaction is essentially complete after
1218 hours.

Other thiazolidinones may, depending on the values
selected for the various substituents, be prepared in an

analogous fashion. For example, compounds of For-
mula I and Formula II wherein Q is NR8 and R3 is

e,
CS; + CICH;COOH + HaN(CH3),—OH ———> 2 <

(Com-
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8

hydrogen, C;-Cg alkyl, C3~Cs cycloalkyl or —(CHo.
)»—Y, where n is an integer from O to 3, both inclusive,
and Y is cyano or NRIIRI2 where R!!and R12 are each
independently hydrogen or C|-C¢ alkyl, may be pre-
pared by the method of Teuber et al. described above,
employing the appropriate N-substituted rhodanine and
Rl R2.substituted-4-hydroxybenzaldehyde. Alterna-
tively, rhodanine may be used for the condensation with
the aldehyde to from those species wherein Q is NRS3
and R?8 is hydrogen, followed by alkylation with the
appropriate R8-containing halide, such as an iodide or
bromide, to provide the corresponding N-substituted
derivatives; i.e., those compounds of Formulae I or II in
which R&is C>~-Cg alkyl, C2-Cg¢ alkenyl, C3~Cs cycloal-
kyl or —(CH3),—Y, where Y is cyano, OR’ —SH,
—S(C1-C4 alkyl),

—NR!RIZ or O—C1-C4

alkyl and n, R% R!land R !2are as defined for Formula
I. The alkylation is usually accomplished in an inert
solvent such as tetrahydrofuran (THF) or dimethyl-
formamide (DMF) in the presence of a strong base such
as sodium hydride. In a similar fashion, as 1s well known
in the art, rhodanine may be used for the condensation
with the aldehyde forming those species wherein Q 1s
NRS8 and R3 is hydrogen followed by substitution with
the appropriate R3-containing halide to provide N-sub-
stituted derivatives of Formulae I or II in which R8s

—(CH>),Y and Y is

O
|
'—CRm.

where n and R10 are as defined for Formula I.

Compounds of Formulae I and II wherein Q is NR3
and R8is —(CH3),—Y (Y is OR? or NR!IR 12, wherein
R% is hydrogen,

O
Il
CCH;

tosyl and R1! and R!? are as defined for Formula I) may
also be prepared according to the following reaction
scheme: |

(CHz),—OH
/
N
D=s

J/Ar—CHO

(CH»),—0OCOCHj;

(I1I)
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~continued

9
O /(CHE)H-OH
/—2 N
Ar (VD) JS/
O (CHz)n""OTS O |
L/ \
HNRI1IR12
= 2 HNRURY /—4—- :
Ar (VI Ar
R1
where Ts = tosyl; Ar =
HO
RZ

A hydroxyalkyl rhodanine III is prepared by con-
densing carbon disulfide, chloroacetic acid, and the

1igl2
S—“—NHNR R

(CHZ}H""RI IR12

/
N

p!

(VIH)

mation 1s best accomplished by allowing VII to react in
the presence of a molar excess of the amine. Once again,

appropriate hydroxyalkylamine by standard techniques. 25 a solvent such as acetonitrile is useful for accomplishing
When condensed with the appropriate R1,R2-substitut- this transformation.
ed-4-hydroxybenzaldehyde, as described above, the The corresponding 1,3-oxothiolan-5-ones of Formu-
resulting product is the condensed 2-thioxo-4-thiazolidi- lae I and II may be prepared from B-(3,5-di-t-butyl-4-
none IV, which has been transformed into the acetyl hydroxyphenyl)-a-mercaptoacrylic acid (IX). Com-
derivative. The thioxo compound may optionally be 30 pound IX may be treated with carbon disulfide to pre-
converted to the methylene compound of formula V as pare the thione analog (Formulae I and 11, Q is —O—,
described above. The acetyl group of intermediate V R% and R7 are =S), while reaction of IX with formic
may be removed upon treatment with aqueous ammonia  acid provides the corresponding desthione (Formulae I
in a solvent such as acetonitrile to provide compound and II, Q is —O—, R%and R7 are each hydrogen). Com-
VI (i.e., the compound of Formulae I and II wherein Q 35 pound IX can be prepared by known methods (see, e.g.,
is NR3 and R8is —(CH>3),—Y where Y is OR%and R?%is Campaigne et al., J. Org. Chem., 26, 359 (1961); id., 26,
hydrogen). The hydroxy compound VI is then con- 1326 (1961); Chakrabarti, et al., Tetrahedron, 25(14),
verted to the tosyl derivative (VII) upon treatment with 2781 (1969)), or upon heating Compound A with dilute
- p-toluenesulfonyl chloride in pyridine, preferably at a aqueous base.
temperature of around 0° C. The versatile tosyl interme- 40  Compounds of Formulae I and II wherein Q is NR38
diate VII may then be transformed into additional com- and R8is —(CH3),~—Y (n=0) and Y is NRI!IR 12 where
pounds of Formulae I and II upon treatment with an =~ R!!and R!2are as defined for Formulae I and II, may be
appropriate HNR!IR!?2 amine, where R11and R12areas  prepared according to the following reaction sequence:
stated in the preceeding paragraph. This latter transfor- |
CHO = N—NHR!!
+ HNNHR!! ey
X
(HEI{})RIZ
=N—NR!IR !
H,NNR!IR 12 2
XII
CS;
CICH,COOH
O
I OH N—NR!IRI2
< ArCHO 9 ‘i
=S

X111
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11 . 12
-continued
Rl
where Ar =
HO
RZ
The R1l-substituted hydrazine is treated with benzal- 1°

dehyde in an alcoholic (preferably methanol) solvent to (ﬁ’)m
yield intermediate X, which, in turn, is reacted with the —_—G—

appropriate R12-halide in the presence of triethylamine
and acetonitrile to render intermediate XI. XI is then
treated with hydrazine to render the R11,R12-hydrazine,
XII. XII may alternatively be prepared by reducing a
nitroso-R11R 12 amine using zinc dust and acetic acid or
aluminum and a strong base. The nitroso-R!!R12 amine
itself 1s prepared from an R11,R12 amine as described in
J. Am. Chem. Soc., 77, 790 (1955) by treatment with
sodium nitrite in HCI1. XII is then treated with carbon
disulfide, chloroacetic acid and triethylamine to vyield
intermediate XIII. Condensation of XIII with the ap-
propriate  R1,R2.substituted-4-hydroxybenzaldehyde
(1.e., ArCHO) renders XIV. As described previously,
the thione may be reduced by treatment with a reducing
agent such as tri-n-butyl tin hydride in a non-reactive
solvent such as toluene, preferably in the presence of a
free radical initiator such as azobisisobutyronitriie.

Preparation of the species wherein one of R!1 or R12is >

hydrogen may be effected before or after reduction of
the thione, as desired, by heating the disubstituted com-
pound in a mixture of ethanol/water in the presence of
a catalyst, such as a rhodium catalyst.

‘Those compounds of Formulae I and IT wherein X is

(O
|

s &3 e

and m 1s 1 or 2 are readily prepared from the sulfide
(1.e., m==0) by treatment with an oxidizing agent, such
as m-chioroperbenzoic acid, in an appropriate organic
solvent, such as chloroform, for a time sufficient to
effect the desired oxidation.

Compounds of Formulae I and II wherein R3 is
Ci1-C¢ alkyl are prepared by conventional Friedel-
Crafts alkylation of the appropriate R!, R2-substituted
phenol, followed by condensation with rhodanine, or
the desired N-substituted rhodanine, as described
herein, or 1s used as described in other reaction schemes
depicted herein.

It will be readily appreciated by one skilled in the art
that the aryl portion of the present compounds of For-
mulae I and II are either commercially available or may
be readily prepared by known techniques from com-
mercially available starting materials. For example,
p-hydroxybenzaldehyde may be alkylated under Frie-
del-Crafts conditions to yield an alkylbenzaldehyde
which in turn may itself be alkylated. Similarly, the
rhodanine or N-substituted rhodanine starting material
1s either commercially available or may be prepared by
well known methodology from commercially available
starting materials.

Those compounds of Formulae I and II wherein one
of R6or R7is hydrogen and the other is —OH (and X is
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where m is 0) are conveniently prepared from their
precursors of Formulae I and II where R® and R7 are
both hydrogen (and X is

Q)
|
“S_

where m i1s 1) by treatment of the precursor with, for
example, trifluoroacetic anhydride in an inert solvent
(preferably methylene chloride) at reduced tempera-
tures. Similarly, compounds of Formulae I and II
where, in the definition of Q, Y is cyano are prepared by
treating the non-cyanated analog with the desired halo-
substituted aliphatic nitrile. From the cyano derivative,
the tetrazolyl is prepared by treatment with tri-n-butyl

0 tin azide in, for example, ethylene glycol dimethyl

ether. Other compounds of Formulae I and II may be
prepared as more fully described below from com-
pounds whose synthesis was described generically, su-
pra.

The method and compounds of the present invention
encompass both the racemate and its individual stereo-
isomers. In general, the stereoisomers may be obtained
according to procedures well known in the art. How-
ever, for compounds of Formulae I and II wherein X is
—S—; R*and R’ are hydrogen; and R}, R2, R3, R6, R7
and ) are as defined for those Formulae, the individual
stereoisomers may be isolated in substantially pure iso-
meric form according to the following novel process. In
the following process, preferred compounds whose
stereoisomers may be isolated are those compounds of
Formulae I or II wherein X is —S—: R4 and R’ are
hydrogen; and R1, R2, R3, R6, R7 and Q are as defined
for the preferred, somewhat preferred, particularly
preferred, especially preferred and most preferred com-
pounds of the method of the present invention, dis-
cussed above.

The racemic sulfide compound of Formulae I or Il is
reacted with a reagent prepared by combining a tartrate
ligand, a titanium alkoxide, a hydroperoxide and, op-
tionally, water. Suitable titanium alkoxides for use in the
present process include titanium alkoxides having the
formula Ti(Ci-Cs alkoxy)s. A particularly preferred
titantum alkoxide is one wherein the C;~C4 alkoxy
group 1s 1sopropoxy. Similarly, suitable tartrate ligands
for use in the present process include the di(C{-Cj4 al-
kyl) tartrates, with diethyl tartrate or diisopropy! tar-
trate particularly preferred. Finally, suitable hydroper-
oxides which may be used in the present process include
cumenehydroperoxide, t-butylhydroperoxide, and the
like. A particularly preferred hydroperoxide is t-butyl-
hydroperoxide.

The present reaction is conducted by mixing the
above reagents in an inert solvent. Suitable inert sol-
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vents include aromatic solvents such as toluene and the
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like; halogenated alkanes such as methylene chloride,
1,2-dichloroethane, chloroform and the like; ethers such
as tetrahydrofuran, diethyl ether and the like:; and ke-
tones such as acetone and the like. A particularly pre-
ferred inert solvent is methylene chloride. In general,
the amount of solvent used should be sufficient to en-
sure that all compounds stay in solution during reaction.
However, excessive amounts of solvent should be
avoided since unnecessary product loss may occur dur-
ing product isolation. |
The amount of titanium alkoxide used in the present
reaction is not critical. The titanium alkoxide may be
employed in quantities of from about 0.4 equivalents to
about 2.0 equivalents relative to the racemic sulfide
starting material. For reasons explained more fully be-
low, the titanium alkoxide is preferably employed in
quantities sufficient to provide a titanium alkoxide/sul-
fide substrate ratio of from about 0.5/1.0 to about
0.75/1.0. If the titanium alkoxide is used in less than
equimolar quantities relative to the sulfide starting ma-
terial, 3A- or 4A- molecular sieves may be added, if

desired, to avoid the possibility of water deactivation of
the titanium complex.

10

15

20

The amount of tartrate ligand, hydroperoxide and 25

water employed are based on the amount of titanium
alkoxide used, and are also not critical. In general, the
tartrate ligand is employed in quantities sufficient to
provide a tartrate ligand/titanium alkoxide ratio of from
about 1/1 to about 5/1, with a preferred ratio being
about 2/1. Similarly, the hydroperoxide may be em-
ployed in from about equimolar quantities relative to
the titanium alkoxide to about two equivalents relative
to that same compound. The amount of water employed
may vary from anhydrous reaction condition (i.e. no
equivalents of water) to as much as about 5 equivalents
of water relative to the amount of titanium alkoxide
present. When anhydrous reaction condition are em-
ployed, the tartrate ligand should be used in an amount
sufficient to provide a tartrate ligand/titanium alkoxide
ratio corresponding to the higher end of the tartrate
ligand/titanium alkoxide ratio described above.

The stereochemistry of the tartrate ligand determines
which stereoisomer will be obtained from the racemic
sulfide substrate. For example, if (4-)-diisopropyltar-
trate 1s employed in the present reaction the (—) enan-
tiomer of the sulfide starting material will be isolated in
substantially pure isomeric form. Correspondingly, if
(—)-diethyltartrate is used, substantially pure (+) enan-
tiomer of the sulfide substrate will be obtained. Accord-
ingly, the tartrate ligand must be chosen so that its
stereochemistry is opposite that of the isomeric form
desired.

The racemic sulfide substrate of the present process is
reacted with the reagent prepared from the titanium
alkoxide, the tartrate ligand, the hydroperoxide and,
optionally, water until substantially all of the undesired
enantiomer of the sulfide starting material has been
converted to its sulfoxide analog. Conversion to the

sulfoxide readily occurs at temperatures in the range of 60

from about —50° C. to about 50° C., with a preferred
temperature being about —20° C. Once substantially all
of the undesired enantiomer has been converted to its
sulfoxide analog, the reaction is terminated by quench-
ing the reaction mixture according to techniques well
known in the art.

To ensure that substantially all of the undesired enan-
tiomer 1s converted to the sulfoxide, while minimizing
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conversion of the desired enantiomer, only about 50 to
about 70 percent of the racemic sulfide substrate should
be allowed to react with the reagent containing titanium
alkoxide. Limiting reaction to between about 50% to
about 70% may be accomplished in at least two ways.
Firstly, the hydroperoxide may be employed in quanti-
ties which provide a hydroperoxide/sulfide substrate
ratio of from about 0.5/1.0 to about 0.75/1.0. Alterna-
tively, the hydroperoxide may be used in amounts
greater than about 0.75 equivalents relative to the sul-
fide substrate provided the progress of the reaction is
monttored by standard analytical techniques such as
thin layer chromatography (TLC) or high performance
liquid chromatography (HPL.C). Once these techniques
Indicate that between about 50 to about 70 percent of
the sulfide starting material has been converted the
reaction i1s quenched to prevent further conversion.

once the reaction has been quenched the unreacted
portion of the sulfide substrate may be recovered from
the quenched reaction mixture using techniques well
known to those skilled in the art. This unreacted portion
will consist of the desired enantiomer in substantially
pure enantiomeric form.

The following examples further illustrate the prepara-
tion of the compounds of this invention, as well as the
compounds used in the method of this invention. The
examples also illustrate the process for selective enan-
tiomeric i1solation provided by the present invention.
The examples are illustrative only and are not intended
to limit the scope of the invention in any way.

EXAMPLE 1

5-[[3,5-Bis(1,1-dimethylethyl)-4-hydroxyphenyljme-
thylene]-2-thioxo-4-thiazolidinone (Compound A)

Under a nitrogen atmosphere, 117.2 g of 3,5-di-tert-
butyl-4-hydroxybenzaldehyde, 66.6 g of rhodanine, and
143.5 g of fused sodium acetate were heated at reflux in
2500 ml of glacial acetic acid. After heating for 23
hours, the reaction mixture was cooled and poured into
a mixture of 1 liter of ethanol and 1 liter of ice, with
stirring. Water (500 ml) was added and, after stirring for
30 minutes, the resulting precipitate was recovered by
filtration. The solid was slurried with 500 ml of ethyl
acetate and filtered. The precipitate was dissolved in 3
liters of ethanol, heated to boiling, and water was added
until the solution remained cloudy (approximately 450
mi of water). Upon cooling to room temperature, 99.6 g
of title product were recovered by filtration, m.p. ap-
proximately 260° C.

Analysis for CigH3NO,S,: Calculated: C, 61.86; H,
6.63; N, 4.01; Found: C, 62.13; H, 6.55; N, 4.15.

EXAMPLES 2-3

5-[[3,5-Bis(1,1-dimethylethyl)-4-hydroxyphenyllme-
thylene]-4-thiazolidinone (Compound-B) and
5-[[3,5-Bis(1, 1-dimethylethyl)-4-hydroxyphenyljme-
thyl]4-thiazolidinone (Compound C)

A solution of 69.90 g of 5-[[3,5-bis(1,1-dimethyle-
thyl)-4-hydroxyphenyljmethylene]-2-thioxo-4-
thiazolidinone In 4 liters of ethanol was hydrogenated
at 500 pounds per square inch in the presence of 200 g
of 5% palladium on carbon overnight at 100° C. The
reaction mixture was filtered and evaporated to dry-
ness. In sections, the material was dissolved in 1 volume
of hot ethyl acetate, diluted with 2 volumes of hexane,
filtered, and loaded onto a silica gel chromatography
column. Elution with 35% ethyl acetate in hexane pro-
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vided various fractions which were combined accord-
ing to the purities of the respective compounds. A total
of 4.6 g of Compound B were isolated by chromatogra-
phy. Fractions which were predominantly Compound
B were crystallized from ethyl acetate/hexane provid- 5
ing a total yield of Compound B of 13.79 g. Re-
chromatography of fractions containing impure Com-
pound C on silica eluting with 25% ethyl acetate in
hexane provided 9.82 g of Compound C.

2. 5-[]3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
methylene]-4-thiazolidinone, m.p. 209°-213° C.

Analysis for CigsHsNO»S: Calculated: C, 67.67; H,
71.89; N, 4.38; Found: C, 67.44; H, 8.11; N, 4.65.

3. 5-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
methylj-4-thiazolidinone, m.p. 149°-152° C.

Analysis for CigH7NQO5S: Calculated: C, 67.25: H,
8.47; N, 4.36; Found: C, 67.43; H, 8 44; N, 4.21.

EXAMPLE 4

5-[[3,5-Bis(1,1-dimethylethyl)-4-hydroxyphenyl]me-
thyl]-2-thioxo-4-thiazolidinone (Compound D)

Under a nitrogen atmosphere, 13.98 g of 5-[[3,5-
bis(1,1-dimethylethyl)-4-hydroxyphenyl]methylene]-2-
thioxo-4-thiazolidinone, 13.17 g of diethyl 2,6-dimethyl- 55
1,4-dihydro-3,5-pyridinedicarboxylate and 600 ml of
toluene were stirred to effect solution. Forty grams of
silica gel 60 (finer than 230 mesh), previously dried in
vacuo at 50° C. for 7 hours, were added to the reaction.
The reaction was heated at reflux for 18 hours and
filtered hot. The filtrate was evaporated to dryness. The
residue was dissolved in 500 m! of ethyl acetate, washed
> times each with 400 ml of 1N hydrochloric acid, dried
over sodium sulfate, filtered, and evaporated in vacuo
to provide a yellow solid. Chromatography over silica
gel eluting with 2.5% ethyl acetate in toluene provided
8.0 g of title product, m.p. 178°-179° C.

Analysis for C1gH25NO>S,: Calculated: C, 61.50; H,
7.17; N, 3.98; Found: C, 61.28; H, 7.19; N, 3.94.

EXAMPLE 5

5-[[3,5-Bis(1,1-dimethylethyl)-4-hydroxyphenyl]me-
thylene]-3-methyl-2-thioxo-4-thiazolidinone

The title compound was prepared in 76% vyield from
3,5-di-tert-butyl-4-hydroxybenzaildehyde and  N-
methylrhodanine following the procedure of Example
1, m.p. >230° C.

Analysis for C19H5N02S,: Calculated: C, 62.77; H,
0.93; N, 3.85; S, 17.64; Found: C, 62.54; H, 7.05; N, 3.66:
S, 17.82.
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EXAMPLE 6

5-[[3,5-Bis(1,1-dimethylethyl)-4-hydroxyphenyl]me-

thylene]-3-methyl-4-thiazolidinone 55

The title compound was prepared in 71% yield from
10.31 g of the thione of Example 5 upon heating with
38.15 ml of tri-n-butyltin hydride and 1.16 g of
azobisisobutyronitrile (AIBN) in 142 ml of toluene at
reflux temperature for one hour. The product was iso- 0
lated by adding water to the cooled reaction mixture,
separating the layers, washing the organic layer with
IN hydrochloric acid and a saturated sodium chloride
solution, drying over magnesium sulfate, concentrating
in vacuo, and purifying the residue by chromatography 65
over silica gel eluting with a 10-50% hexane in ethyl
acetate gradient. The purified product had a melting
point of 142°-144° C.

16
Analysis for Ci9H27NO;S: Calculated: C, 68.43; H,
8.16; N, 4.20; Found: C, 68.68; H, 8.00; N, 3.97.

EXAMPLE 7

5-[13,5-Bis(1,1-dimethylethyl)-4-hydroxyphenyl]me-
thyl]-3-methyl-4-thiazolidinone

To 100 ml of THF were added 6.43 g of the com-
pound of Example 3. Sodium hydride (0.9 g) was added,
resulting in the evolution of a gas. Iodomethane (1.25
ml, 1.0 eq.) was added and the resultant mixture was
stirred at room temperature for 23 hours after which the
mixture was diluted with a volume of diethyl ether and
IN HCIl. The organic layer was separated and dried
over sodium sulfate, filtered and evaporated. The resul-
tant solid was chased with chloroform to render an
orange foam. A 5.93 g sample of this material was dis-
solved in 14 ml of a hot mixture of ethyl acetate diluted
with 225 ml of hexane and then allowed to cool to room
temperature overnight. The solvent was evaporated
and the resultant solid was dissolved in 40 ml of a hot
mixture of diethyl ether diluted with about 400 ml of
hexane. The mixture was allowed to cool to room tem-
perature overnight and a precipitate formed which was
collected by filtration, washed with hexane and dried in
vacuo to render 3.98 g of title compound, m.p.
102°-105° C.

Analysis for C19H29NO»S: Calculated: C, 68.02; H,
8.71; N, 4.17; Found: C, 68.22; H, 8.80; N, 4.21.

EXAMPLE 8

5-[[3,5-Bis(1,1-dimethylethyl)-4-hydroxyphenylme-
thylene]-3-dimethylamino-2-thioxo-4-thiazolidinone

The title compound was prepared in 65% yield from
3,3-di-tert-butyl-4-hydroxybenzaldehyde and N-dime-
thylaminorhodanine following the procedure of Exam-
ple 1.

EXAMPLE 9

5-[[3,5-Bis(1,1-dimethylethyl)-4-hydroxyphenyl]lme-
thylene}-3-dimethylamino-4-thiazolidinone

The compound of Example 8 was reduced using the
procedure of Example 6 to provide the title compound
in 41% yield, m.p. 138°-141° C.

Analysis for CygH30N20;S: Calculated: C, 66.26; H,
8.34; N, 7.73; Found: C, 66.55; H, 8.59; N, 7.47.

EXAMPLE 10

5-[[3,5-Bis(1,1-dimethylethyl)-4-hydroxyphenyllme-
thylene]-3-(methylamino)-4-thiazolidinone

A. Preparation of Benzaldehydemethylhydrazone

Benzaldehyde (50.8 mi, 500 mmol) and 26.5 ml (500
mmol) of methylhydrazine were dissolved in 1 liter of
methanol. The mixture was stirred together at room
temperature for 75 minutes and then stripped of solvent
to give 67.8 g of the subtitled intermediate.
B. Preparation of Benzaldehyde WN-methyl, N-2-
propenylhydrazone

The above compound (67.8 g), 60.5 g of allyl bromide
and 50.5 g of triethylamine were dissolved together in 1
liter of acetonitrile. The mixture was heated at reflux
temperature for 16 hours and then cooled. An addi-
tional 45 g of allyl bromide and 38 g of triethylamine
were added and the mixture was again heated at reflux
for an additional 7 hours, cooled and then stripped of
solvent to yield 268 g of a residue. To this residue was
added 500 ml of THF and the resultant mixture was
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shaken, filtered and washed with an additional 125 ml of
THF. The filtrate was stripped of solvent to yield 67 g
of the subtitled intermediate.
C. Preparation of N-methyl, N-2-propenylhydrazine

The above compound (59.9 g), 44 g of hydrazine and
137 mi of ethanol were heated at reflux temperature for
21.5 hours and allowed to cool. The reflux condenser
was replaced with a distillation head and the mixture
was distilled at one atmosphere pressure. The first three
distillates were collected, combined and 100 ml of IN
HCI were added. An additional 100 ml of concentrated
HCl were added, with ice, and the resultant mixture
separated and washed with a small amount of ethyl
acetate. The resultant layers were separated and the
water distilled off until solids clogged the stir bar. The
solids were filtered off and the filtrate was stripped and
added to 125 ml of chilled 50% NaOH. The resulting
solid was filtered off and discarded. The filtrate con-
tained two layers which were separated. The top layer
contained the subtitled intermediate and the bottom,
aqueous layer, was extracted with diethyl ether which,
upon stripping, gave additional product.
D. Preparation of N-Methyl, N-3-propenyl-5-carbox-
ymethyl-dithiocarbamate

To 12.67 g of the above compound in 23 ml of ethanol
chilled to 0° C. was added a solution of 11.18 g of car-
bon disulfide in 26 ml of diethyl ether. The resultant
mixture was removed from the ice bath and allowed to
stand at room temperature for about 15.5 hours, after
which the solvent was stripped to yield approximately
36.5 g of a residue. To this residue was added 13.9 g of
chloroacetic acid dissolved in 29.5 ml of 5N NaOH
(chilled in an ice bath). The resultant solution was al-
lowed to stand for 3 hours at room temperature. The
pH of the solution was lowered to about 3 by adding 8
ml of concentrated hydrochloric acid. Diethyl ether (50
ml) was then added, resulting in a three phase separa-
tion. The aqueous phases were pooled and extracted
with 50 ml of chloroform, then stripped of solvent to
yield approximately 40.4 g of the subtitled intermediate.
E. Preparation of 5-[[3,5-bis(1,1-dimethylethyl)-4-
hydroxyphenyl]methylene]-2-thioxo-3-(methyl-2-
propenylamino)-4-thiazolidinone

3,5-Di-tert-butyl-4-hydroxybenzaldehyde (29.3 g).
38.8 g of the above compound and 40.34 g of sodium
acetate were mixed in 810 mli of acetic acid and the
resultant solution heated at reflux temperature for 24
hours. The solution was allowed to cool and stirred for
an additional 60 hours at room temperature. The solu-
tion was then poured into 2 liters of ice water, separated
and washed with an additional volume of water to yield
about 44 g of the subtitled intermediate.
F. Preparation of 5-[[3,5-bis(1,1-dimethylethyl)-4-
hydroxyphenyljmethylene]-3-(methyl-2-
propenylamino)-4-thiazolidinone

Utilizing the procedure described in Example 6, 42.8
g of the above thione were reduced to the subtitled
intermediate (8.34 g).
G. Preparation of 5-[[3,5-bis(1,1-dimethylethyl)-4-
hydroxyphenyl|methylene]-3-(methylamino)-4-
thiazolidinone

The above compound (6.11 g) was dissolved in a
mixture of 135 ml ethanol and 15.3 ml of water and the
mixture was heated to 70° C. Tris-(triphenylphos-
phine)rhodium (I) chloride (50 mg) was added and the
mixture heated at reflux temperature for 50 minutes,
after which an additional 550 mg of the catalyst were
added followed by heating at reflux temperature for an
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additional 2.5 hours. The mixture was cooled and
stirred at room temperature overnight and stripped of
solvent to give 2.05 g of title product after further
workup, m.p. 151°-153.5° C.

Analysis for C19H28N203S: Calculated: C, 65.86: H,
7.56; N, 8.09; Found: C, 65.67; H, 7.81; N, 8.34.

EXAMPLES 11 AND 12

5-[(3,5-Di-2-propenyl-4-hydroxyphenyl)methylene]-4-
thiazolidinone and
5-[(3,5-Di-2-propenyl-4-hydroxyphenyl)methyl]-4-
thiazolidinone

A. Preparation of 3,5-di-(2-propenyl)-4-hydroxyben-
zaldehyde

Under a mitrogen atmosphere and using a mechanical
stirrer, 250 g of parahydroxybenzaldehyde, 247.6 g of
allyl bromide, 311.7 g of potassium bicarbonate and 650
ml of acetone were heated to reflux temperature for
about 18 hours. The mixture was allowed to cool, after
which about 1 liter of water was added followed by
extraction with two 800 ml portions of diethyl ether.
Subsequent distillation of the organic phase rendered
about 299 g of 4-(2-propenyl)oxybenzaldehyde which
was then heated with about 300 m! of diethylaniline for
3.5 hours at 195°-205° C. The mixture was cooled and
750 ml of ethyl acetate were added. The mixture was
washed with three 500 ml portions of 1N HCI which,
followed by subsequent workup, yielded about 138 g of
3-(2-propenyl)-4-hydroxybenzaldehyde. The mono-sub-
stituted aldehyde (159 g) was again heated to reflux
with 152 g of potassium carbonate and 465 ml of ace-
tone for 3 hours and then allowed to cool. The mixture
was poured into 900 ml of ice water and subsequently
extracted with two 430 ml portions of diethyl ether to
yield about 170 g of 3-(2-propenyl)-4-(2-propenyloxy)-
benzaldehyde. The di-substituted aldehyde was then
heated, in about 500 ml of diethylaniline, under a nitro-
gen atmosphere to 195°-205° C. for about 6.5 hours.
The mixture was cooled and dissolved in about 800 ml
of ethyl acetate, washed with three 1 liter portions of
IN HCI and, following workup, rendered about 121.9 g
of the subtitled intermediate.
B. Preparation of 5-[(3,5-di-2-propenyl-4-hydroxy-
phenyl)methylene}-2-thioxo-4-thiazolidinone

The above compound (50.5 g), 36.6 g of rhodanine
and 164 g of sodium acetate were heated together at
reflux temperature in 1.25 liters of acetic acid for 14.5
hours. The resultant solution was cooled, poured into 2
liters of 1ce water to yield, upon separation, about 75 g
of the subtitled intermediate, m.p. 157°-160° C.
C. Preparation of 5-[(3,5-di-2-propenyl-4-hydroxy-
phenyljmethylene]-4-thiazolidinone and 5-[(3,5-di-2-
propenyl-4-hydroxyphenyl)methyl]-4-thiazolidinone

‘The above compound (74.8 g) was reduced by treat-
ment with zinc dust (62 g) and concentrated hydrochlo-
ric acid (950 ml) in 2.1 liters of hot (approximately 82°
C.) ethanol. Once the reactants were combined the
solution was allowed to cool to room temperature,
stirred for one hour, and then added to 3.75 liters of ice
water. The resulting solution was allowed to sit over-
night to provide a gum. The liquid layer was decanted
and extracted with 750 ml of chloroform, while the gum
was dissolved 1n 560 ml of chloroform and the resulting
solution washed, successively, with 75 ml of a saturated
sodium carbonate solution, 75 ml of water and 75 ml of
a saturated brine solution. The above chloroform solu-
tions were combined and then triturated with 100 ml of
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methylene chloride. The titled products were obtained
using silica gel chromatography. Elution with a
25-60% ethyl acetate in hexane gradient provided vari-
ous fractions which were treated as follows.

Fractions 13-15 were concentrated and then washed °
with ethyl acetate to provide 2.91 g of 5-[(3,5-di-2-
propenyl-4-hydroxyphenyl)methyl]-4-thiazolidinone.
Fractions 16-18 were concentrated to a residue which
was triturated with 30 ml of methylene chloride. Frac-
tions 19-23 were concentrated to a residue which was
triturated with 35 ml of methylene chloride. Following
trituration, the remaining insolubles were isolated by
filtration and triturated with 40 ml of ethyl acetate to
provide 3.85 g of 5-[(3,5-di-2-propenyl-4-hydroxy-
phenyl)methylene}-4-thiazolidinone.

The ethyl acetate wash from fractions 13-15, the
methylene chloride solution containing fractions 16-18
and the methylene chloride and ethyl acetate solutions
obtained from fractions 19-23 were combined and
loaded onto a silica gel chromatography column. Elu-
tion with a 1:1 ethyl acetate/hexane solution provided
various fractions which were combined according to
the purities of the respective compounds. Fractions
which were predominately 5-[(3,5-di-2-propenyl-4-
hydroxyphenyl)methyl}-4-thiazolidinone were crystal-
lized from hot ethyl acetate to provide 1.24 g of that
compound (total yield of 5-[(3,5-di-2-propenyl-4-
hydroxyphenyl)methyl}-4-thiazolidinone—4.14 g).
Fractions which were predominately 5-[(3,5-di-2-
propenyl-4-hydroxyphenyl)methylene]-4-thiazolidi-
none were triturated with 30 ml of hot ethyl acetate to
provide 1.73 g of that compound (total yield of 5-[(3,5-
di-2-propenyl-4-hydroxyphenyl)methylene]-4-
thiazolidinone—35.58 g).

11. 5-[(3,5-di-2-propenyl-4-hydroxyphenyl)me-
thylene]-4-thiazolidinone, m.p. 184°~188° C.

Analysis for Cj6H17NO,S: Calculated: C, 66.87; H,
3.96; N, 4.87; Found: C, 66.62, H, 5.92; N, 4.89.

12.  5-[(3,5-di-2-propenyl-4-hydroxyphenyl)methyl]-
4-thiazolidinone, m.p. 142°-144° C.

Analysis for CisH19NO,S: Calculated: C, 66.41; H,
6.62; N, 4.84; Found: C, 66.18; H, 6.69; N, 4.60.

Utilizing the procedures set forth in Examples 11, 12,
and elsewhere herein, the following additional com-
pounds were prepared.

EXAMPLE 13 50

5-[(3,5-Di-2-propenyi-4-hydroxyphenyl)methylene]-3-
methyl-4-thiazolidinone, m.p. 155°-159° C.

Analysis for Ci7H19NO;S: Calculated: C, 67.74: H,
6.35; N, 4.65; Found: C, 67 53; H, 6 09; N, 4.45.

EXAMPLE 14

5-[(3,5-Dipropyl-4-hydroxyphenyl)methylene}-3-meth-
yi-4-thiazolidinone, m.p. 162°~165° C.

Analysis for C17H23NO,S: Calculated: C, 66.85: H,
1.59; N, 4.59; Found: C, 67.12; H, 7.37; N, 4.52.

EXAMPLE 15

3-[(3,5-Dipropyl-4-hydroxyphenyl)methylene]-4-
thiazolidinone, m.p. 202°-205° C.

Analysis for C16H21NO,;S: Calculated: C, 65.95; H,
1.26; N, 4.81; Found: C, 66.16; H, 7.49; N, 4.79.
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EXAMPLE 16

5-[(3,5-Dipropyl-4-hydroxyphenyl)methyl]-4-
thiazolidinone, m.p. 155°-157° C.

Analysis for CigH23NO3S: Calculated: C, 65.49; H,
71.90; N, 4.77; Found: C, 65.71; H, 7.73; N, 4.99.

EXAMPLE 17

5-[[3-(1,1-Dimethylethyl)-4-hydroxy-5-methylphenyl]-
methylene]-4-thiazolidinone.

A. Preparation of 4-hydroxy-3-methyl-5-(1,1-dime-
thylethyl)benzaldehyde
Under a nitrogen atmosphere, 76.65 g of 2-(1,1-dime-
thylethyl)-6-methylphenol (Aldrich), 65.42 g of hexa-
methylenetetramine and 700 ml of trifluoroacetic acid
were stirred at reflux temperature for about 24 hours.
The reaction solution was allowed to cool and the liquid
removed by evaporation. The resulting residue was
taken up in 1500 ml of water and 1000 m! of chloroform
and then neutralized to pH 7 with solid sodium carbon-
ate. The resultant layers were separated and the aque-
ous layer was washed with chloroform. The organic
layer was combined with the chloroform wash and the
resulting solution was washed with water, then dried
over sodium sulfate overnight. After removal of the
sodium sulfate the chloroform was evaporated. The
resultant residue was taken up in 375 ml of toluene,
heated on a steam bath and then allowed to cool to
room temperature overnight. Subsequent workup gave
28.3 g of the subtitled intermediate.
B. Preparation of 5-[[3-(1,1-dimethylethyl)-4-hydroxy-
J-methylphenyl|methylene]-2-thioxo-4-thiazolidinone
The above intermediate (28.3 g), 24 g of N-aminor-
hodanine, 48.3 g of sodium acetate in 735 ml of acetic
acld were heated to reflux temperature for about 7
hours and then allowed to cool to room temperature
with continual stirring overnight. The resultant mixture
was poured into 1500 ml of ice water with stirring and
then filtered. The wet filter cake was transferred to a
beaker and dissolved in a mixture of ethyl acetate and
water. The resulting organic and aqueous layers were
separated. The organic layer was dried over sodium
sulfate and then filtered to remove that substance. Fur-
ther workup, followed by trituration in hot chloroform
and subsequent drying under vacuum, rendered about
18 g of the subtitled intermediate, m.p. 210°-216° C.
C. Preparation of 5-[[3-(1,1-dimethylethyl)-4-hydroxy-
J-methylphenyl]methylene]-4-thiazolidinone
Reduction of the above thione was effected by meth-
ods described herein which, following workup, ren-
dered 1.56 g of the titled product, m.p. 162°-165° C.
Analysis for CisH19NO,S: Calculated: C, 64.95: H,
6.90; N, 5.05; Found: C, 65.12; H, 7.05: N, 4.99.
Utilizing the procedures set forth in Example 17, and
elsewhere herein, the following additional compounds
were prepared.

EXAMPLE 18

5-[[3,5-Bis(1-methylethyl)-4-hydroxyphenyljme-
thylene]-3-methyl-4-thiazolidinone, m.p. 200°-210° C.

Analysis for Ci7H23NO;S: Calculated: C, 66.85; H,
1.39; N, 4.59; Found: C, 67.03; H, 7.55; N, 4.37.
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EXAMPLE 19

5-[13,5-Bis(1-methylethyl)-4-hydroxyphenyljmethyl]-2-
thioxo-4-thiazolidinone

EXAMPLE 20

5-[[3-( 1,1-Dimethylethyl)-4-hydroxy-5-methylphenyl]-
methyl}-4-thiazolidinone

A solution of 0.28 g of the compound of Example 17

in 30 ml of tetrahydrofuran was hydrogenated at 60 10

pounds per square inch in the presence of 1.12 g of 5%
paliadium on carbon overnight at 60° C. The reaction
mixture was filtered and evaporated to dryness. The
resulting residue was dissolved in 3.5 ml of a 1:1.5 ethyl
acetate/hexane solution and loaded onto a silica gel
chromatography column. Elution with 40% ethyl ace-
tate in hexane produced fractions which, upon evapora-
tion to dryness, provided 0.05 g of title compound. m.p.
64°-68° C.

Analysis for C15H21NOZS: Calculated: C, 64.48; H,
1.58; N, 5.01; Found: C, 64.32; H, 7.66; N, 4.79.

EXAMPLE 21

5-[13, S-Bls(l-methylethyl)—ﬁl—hydroxyphenyl]methyl]-4—
thiazolidinone

Using the method described in Example 20, 4.73 g of
the compound of Example 19 were converted to 1.88 g
of title compound. m.p. 136°-139° C.

Analysis for C16H23NO;S: Calculated: C, 65.49; H,
1.90; N, 4.77;, Found: C, 65.79; H, 7.90: N, 4.81.

EXAMPLE 22

5-{[3-(1,1-Dimethylethyl)-4-hydroxy-5-propylphenyl}-
methyl]-4-thiazolidinone

A. Preparation of 3-[2-(1,1-dimethylethyl)phenoxypro-
pene

Allyl bromide (69.2 ml), 2-t-butylphenol (122.9 mi)
and potassium carbonate (121.6 g) were stirred in 265 ml
of acetone at reflux temperature for 50 hours and then
cooled to 35° C. Water (600 ml) was added and the
resulting layers were separated. The aqueous layer was
extracted with 600 ml of diethyl ether. The organic
layer was combined with the aqueous layer’s ether ex-
tract and the resulting solution was dried over sodinm
sulfate overnight. After sodium sulfate removal, the
solvent was evaporated to provide, after further
workup, 147 g of the subtitled intermediate.
B. Preparation of 2-(1,1-dimethylethyl)- 6-(2-propenyl)
phenol

All 147 g of the above compound were rearranged as
described in Examples 11A and 12A to provide 100.8 g
of the subtitled intermediate.
C. Preparation of 2-(1, 1-dunethylethyl)-6-propylphenol

A solution of 54.9 g of the above compound in 575 ml
of toluene was hydrogenated at 60 pounds per square
inch in the presence of 55 g of Raney nickel for hours at
room temperature. The reaction mixture was filtered
and evaporated to dryness to provide 59.2 g of the
subtitled intermediate.
D. Preparation of 3-(1,1-dimethylethyl)-4-hydroxy-5-
propylbenzaldehyde

The above compound (55.48 g) was converted to
23.33 g of the subtitled intermediate using the method
described in Example 17A.
E. Preparation of 5-[|3-(1, 1-d1methylethyl)—4—hydmxy-

S-propylphenyl|methylene]-2-thioxo-4-thiazolidinone
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Using the method described in Example 17B, 5.51 g
of the above compound were converted to 6.26 g of the
subtitled intermediate m.p. 190.5°-192° C.
F. Preparation of 5-[[3-(1,1-dimethylethyl-4-hydroxy-5-
propylphenyllmethyl}-2-thioxo-4-thiazolidinone

Using the method described in Example 4, 4.73 g of
the above compound were converted to 2.1 g of the
subtitled intermediate.
G. Preparation of 5-[[3-(1,1-dimethylethyl-4-hydroxy-5-
propylphenyljmethyl]-4-thiazolidinone

A solution of 2.1 g of the above compound in 185 ml
of ethanol was hydrogenated at 500 pounds per square
inch ! n the presence of 8.4 g of 5% palladium on carbon
for 20 hours at 100° C. The reaction mixture was filtered
and evaporated to dryness. The resulting residue was
dissolved in 25 ml of methylene chloride and loaded
onto a silica gel chromatography column. Elution with
2000 ml of a 10-50% ethyl acetate in hexane gradient,
followed by elution with 2000 ml of a 1:1 ethyl acetate/-
hexane solution, provided fractions which, upon evapo-
ration to dryness, rendered 0.75 g of titled product. m.p.
50°-55° C.

Analysis for Cy7H35sNO»S: Calculated: C, 66.41; H,
s 8.20; N, 4.56; Found: C, 66.61; H, 8.22; N, 4.55.

EXAMPLE 23

5-[[3-Methylthiophenyl-4-hydroxy-5-ethoxyphenyl}me-
thylene]-3-dimethylamino-4-thiazolidinone

A. Preparation of 5-[[3-ethoxy-4-hydroxyphenyl]me-
thylene)-3-dimethylamino-2-thioxo-4-thiazolidinone

3-Ethoxy-4-hydroxybenzaldehyde (45.7 g), N-dime-
thylaminorhodanine (53.35 g) and fused sodium acetate
(92.4 g) were reacted in the manner described in Exam-
ple 1 to provide 52.92 g of the subtitled intermediate.
m.p. 194°-198° C.

B. Preparation of 5-[[3-ethoxy-4-hydroxyphenyijme-
thylene]-3-dimethylamino-4-thiazolidinone :
Using the method described in Example 6, 47.66 g of
the above compound were converted to 14.02 g of the

subtitled intermediate.
C. Preparation of 5-[[3-ethoxy-4-hydroxy-5-(methylthi-
ophenyl)phenyl|methylene]-3-dimethylamino-4-
thiazolidinone

Sodium hydroxide (0.95 g) and 17.3 ml of a 40% by
weight solution of formaldehyde were dissolved in 50
mli of 2-ethoxyethanol. Phenylthiol (2.62 g) and 7.0 g of
the above compound were added and the resulting
solution was refluxed for 4 hours, then cooled. Ethyl
acetate (50 ml) and water (25 ml) were added to the
cooled reaction mixture and the pH of the resulting
two-phase solution was lowered to approximately 5
using concentrated hydrochloric acid. The organic
phase was separated from the aqueous phase, washed
with a saturated brine solution and then loaded onto a
silica gel chromatography column. Elution with 4 liters
of methylene chloride, followed by 4 liters of a 3%
methanol/97% methylene chloride solution, provided
fractions containing the title product. These fractions
were combined and loaded once more onto a silica gel
chromatography column. Elution with 4 liters of meth-

ylene chloride, followed by 1 liter of a 22.5% acetoni-

trile in methylene chloride solution, provided fractions
which, upon evaporation of the solvent, rendered title
product. This product was further purified by tritura-
tion with a hot solution of 50 ml of hexane and 30 ml of
ethyl acetate to provide 6.20 g of 5-[[3-methylthiophe-



3,387,690

23
nyl-4-hydroxy-5-ethoxyphenyljmethylenel-3-dime-
thylamino-4-thiazolidinone m.p. 118°-120° C.

Analysis for C21H24N203S;: Calculated: C, 60.55; H,
3.81; N, 6.73; S, 15.39; Found: C, 60.75; H, 5.76: N, 6.76:
S, 15.58. ¢

EXAMPLE 24

(—)-5-[[3,5-Bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
methyl]-4-thiazolidinone

To a 50 ml, three-neck, round bottom flask containing 10

25 ml of methylene chloride were added 1.31 g of 4A-
molecular sieves, 0.56 ml (1.88 mmol) of titanium iso-
propoxide, 0.79 ml (3.75 mmol) of (+)-diisopropyl tar-
trate and 34 pl (1.88 mmol) of deionized water. The
resulting solution was stirred for twenty minutes and
then 0.8 g (2.5 mmol) of a racemic mixture of 5-[[3,5-
bis(1,1-dimethylethyl)-4-hydroxyphenyljmethyl-4-
thiazolidinone were added. The resulting solution was
cooled to —20° C. and 0.73 ml (1.88 mmol) of a 2.57M
solution of t-butylhydroperoxide in isooctane were
added. The reaction solution was then stirred for 6
hours at —20° C.

After 6 hours, the reaction solution was quenched by
pouring it into 50 ml of a solution prepared from 9.9 g
of Iron (II) sulfate heptahydrate, 3.3 g of citric acid
monohydrate and water. The resulting solution was
stirred for 30 minutes and then stirring was stopped so
that the organic and aqueous layers could separate. The
aqueous layer was decanted and washed with methy-
lene chloride. The methylene chloride wash was com-
bined with the above organic layer and the resulting
solution was washed with a saturated brine solution and
then dried over sodium sulfate. The sodium sulfate was
removed by filtration and the remaining liquid was
evaporated to provide 1.81 g of a residue.

The residue was dissolved in 25 ml of methylene
chloride and the resulting solution was chromato-
graphed on a silica gel chromatography column. Elu-
tion with 6000 ml of a 10-50% ethyl acetate in hexane
gradient provided various fractions containing the
above titled compound. These fractions were combined
and the liquid evaporated to provide 0.19 g of title
compound. [a]?°=—73.6° (c=1.0, MeOH).

Analysis for CigH27NQO,S: Calculated: C, 67.25; H,
8,47; N, 4.36; Found: C, 67.50; H, 8.53; N, 4.48.

EXAMPLES 25, 26 AND 27

(-+)-5-[[3,5-Bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
methyl]-4-thiazolidinone,
(—)-5-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
methyl}-4-thiazolidinone-1-oxide and
(+)-3-([3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
methyl]-4-thiazolidinone-1-oxide

In a similar manner as that described in Example 24,
0.89 ml (3.0 mmol) of titanium isopropoxide, 1.27 ml
(6.0 mmol) of (—)-diisopropyl tartrate, 54 1 (3.0 mmol)
of detonized water, 1.61 g (5.0 mmol) of racemic 5-[[3,5-
bis(1,1-dimethylethyl)-4-hydroxyphenyl]methyl-4-
thiazolidinone and 2.4 mi (6.5 mmol) of a 2.57M solution

of t-butylhydroperoxide in isooctane were reacted to 60

provide a residue. The restdue was dissolved in 75 ml of
methylene chloride and the resulting solution was chro-
matographed on a silica gel chromatography column.
Elution with 6000 ml of a 10-50% ethy] acetate in hex-

ane gradient provided various fractions containing 65

(+)-5-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
methyl-4-thiazolidinone. These fractions were com-
bined and the liquid evaporated to provide 0.43 g of
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product compound. Further elution with 4000 ml of a
50% 1sopropanol in hexane solution provided various
fractions. Fractions believed to contain (—)-5-[[3,5-
bis(1,1-dimethylethyl)-4-hydroxyphenyljmethyl]-4-
thiazolidinone-1-oxide were combined and the liquid
evaporated to provide 0.87 g of product. Fractions
believed to contain (4 )-5-[[3,5-bis(1,1-dimethylethyl)-
4-hydroxyphenyl]lmethyl]-4-thiazolidinone-1-oxide
were combined and the liquid evaporated to provide
0.27 g of product.

25. (+)-5-[[3,5-bis(1,1-dimethylethyl)-4-hydroxy-
phenyl]methyl]-4-thiazolidinone

[@]2°=+470.41° (c==1.0, McOH).

Analysis for CigH;7NO;S: Calculated: C, 67.25; H,
8.47; N, 4.36; Found: C, 66.95; H, 8.22; N, 4.26.

26. (—)-5-{[3,5-bis(1,1-dimethylethyl)-4-hydroxy-
phenyllmethyl]-4-thiazolidinone-1-oxide m.p. 182°-184°
C.

[a]?>=—21.84° (c=1.0, MeOH).

Analysis for CigHy7NO3S: Calculated: C, 64.06; H,
8.06; N, 4.15; Found: C, 63.84; H, 8.09; N, 4.12.

27. (+)-5-[[3,5-bis(1,1-dimethylethyl)-4-hydroxy-
phenyl]jmethyl]-4-thiazolidinone-1-oxide m.p. 177°~181°
C. |

[a}?>= +163.05° (c=1.0, MeOH).

Analysis for C1gsHy7NO3S: Calculated: C, 64.06; H,
8.06; N, 4.15; Found: C, 63.88; H, 8.12; N, 4.29.

EXAMPLE 28

(—)-3-[13,5-Bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
methyl]-3-methyl-4-thiazolidinone

In a similar manner as that described in Example 24,
0.45 ml (1.5 mmol) of titantum isopropoxide, 0.63 ml
(3.0 mmol) of (+)-diisopropyltartrate, 27 pl (1.5 mmol)
of water, 0.84 g (2.5 mmol) of racemic 5-[[3,5-bis(1,1-
dimethylethyl)-4-hydroxyphenyljmethyl]-3-methyi-4-
thiazolidinone and 0.58 ml (1.5 mmol) of a 2.57M solu-
tion of t-butylhydroperoxide in isooctane were reacted
to provide a residue. The residue was dissolved in 25 ml
of methylene chloride and the resulting solution was
chromatographed on a silica gel chromatography col-
umn. Elution with 1000 ml of methylene chloride, then
6000 ml of a 0-10% ethyl acetate in methylene chloride
gradient, then 4000 ml of a 20-50% isopropyl alcohol in
hexane gradient and then 2000 ml of a 50% isopropyl
alcohol/hexane solution provided various fractions
containing the above-titled compound. These fractions
were combined and the liquid evaporated to provide
0.35 g of title compound.

Analysis for Cj9H»9NO;S: Calculated: C, 68.02: H,
8.71; N, 4.17; Found: C, 67.95; H, 8.55; N, 4.18.

NMR (300 MHz; CDCl3) 6=1.4 (s, 18H), 2.9 (s, 3H),
3.0 (dd, 1H), 3.3 (dd, 1H), 3.8 (dd, 1H), 4.0 (d, 1H), 4.2
(d, 1H), 5.1 (s, 1H), 7.1 (s, 2H).

The present invention provides a method of treating
inflammatory bowel disease in mammals. Such activity
was demonstrated in the following test system.

Sprague-Dawley rats from Charles River Laborato-
ries, Portage, Mich. (either sex, weight approximately
250 g) were dosed orally twice a day with test com-
pound (10 mg/kg) or vehicle (control) for three days.
On the third day, the rats were given an intracolonic
enema of 2% acetic acid via a cannula, the tip of which
was placed 8 cm above the anal verge. This concentra-
tion of acetic acid produced a severe inflammatory
response in the colon characterized by rectal bleeding,
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diarrhea, epithelial erosions and destructions of crypts
and gland cells. Twenty-four hours later the test and
control animals were killed and the distal ten centime-
ters of the colon were removed and opened longitudi-
nally. The tissue lesions contained within the removed,
opened, section of colon were scored by three indepen-
dent, blinded observers on a scale of 0 to 4 (zero=nor-
mal, four=worst inflammation). In each test group 5-7

rats were used. The results of such testing are reported
in Table I, below.

TABLE 1

bt
Inhibition of Acetic Acid Induced Colitis

Compound of
Example No. Lesion Score
e ————— ik
Control 34 = 0.3
Example 1 2.2 = 0.5
Example 2 1.1 =0.5
Example 3 04 £ 0.1
Fxample 4 1.5 &= 0.3
Example 6 24 =05
Example 7 21+ 0.1
Example 9 2.2 + 0.5
Example 10 1.2 £ 0.3
Example 11 24 + 0.7
- Example 12 20+ 0.6
Example 16 1.2 £ 0.5
Example 18 2.8 = 0.5
Example 21 1.5 £ 0.5
Example 22 0.8 & 0.2
Example 23 2.7+ 0.6
Example 24 1.0 + 0.2
Example 25 2.5 £ 0.7
Example 26 24 = 0.6
Example 27 2.2 = 0.5

Sprague-Dawley rats from Charles River Laborato-
ries, Portage, Mich. (male, weight approximately 300 g)
were fasted for 24 hours. After 24 hours, the test ani-
mals were dosed orally with 3 ml/kg of rat weight of
vehicle (control) or test compound dissolved in vehicle.
Thirty minutes later each animal was given a solution
consistency of 1009% ethanol. Sixty minutes after etha-
nol administration, all animals were killed and their
stomachs were removed and washed. The tissue lesions
contained within the removed, opened, stomach were
scored by three independent, blinded observers on a
scale of 0 to 5 (zero=normal, 5=severe damage). In
each test group, six rats were employed. Test results
from animals given test compound dissolved in vehicle
were compared with test results from animals given
vehicle alone in order to determine the percentage of
lesion inhibition attributable to the test compound. The
results of such testing are reported in Table II below.

TABLE II
Inhibition of Ethanol Induced Injury

Compound of Dose {(mg/kg %%
Example No. of rat weight) Inhibition

3 | 0.7 24

3 1.00 35

3 3.00 47

3 7.00 61

9 0.7 9

0 1.00 13

9 3.00 34

9 7.50 40

9 10.00 24

10 0.07 34

10 0.3 57

10 0.7 55

10 1.00 32

10 3.00 11
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The data in Tables I and II establish that the com-
pounds used in the method of the present invention can
treat mflammatory bowel disease. The term “inflamma-
tory bowel disease”, as used for purposes of the present
invention, means any disorder of the digestive system
which i1s characterized by inflammation. Examples of
such disorders include Crohn’s disease, mucous colitis,
ulcerative colitis, psuedomembranous enterocolitis,
non-specific colonic ulcers, collagenous colitis, cathar-
tic colon, ulcerative proctitis, radiation enteritis and
colitis, 1diopathic diffuse ulcerative nongranulamatus
enteritis, nonsteroidal antiinflammatory drug induced
inflammations, celic sprue, gastritis and the like.

The method of the present invention comprises ad-
ministering to 2 mammal suffering from inflammatory
bowel disease an effective amount of one or more of the
compounds of Formula I. Administration may be done
either therapeutically or prophylactically and is accom-
plished by means of pharmaceutical compositions
which are prepared by techniques well known in the
pharmaceutical sciences. -

The compounds of Formula 1 are effective over a
wide dosage range in treating inflammatory bowel dis-
ease. Thus, as used herein, the term “effective amount”
refers to a dosage range of from about 0.001 to about
200 mg/kg of body weight per day. In the treatment of
adult humans, the range of about 0.1 to about 50 mg/kg,
in single or divided doses, is preferred. However, it will
be understood that the amount of compound actually
administered will be determined by a physician in light
of the relevant circumstances, including the condition
to be treated, the choice of compound to be adminis-
tered, the chosen route of administration, the age,
weight, and response of the individual patient, and the
5 severity of the patient’s symptoms. Therefore, the
above dosage ranges are not intended to limit the scope
of the invention in any way.

While the compounds of Formula I are preferably
administered orally or intrarectally, the compounds
may also be administered by a variety of other routes
such as the transdermal, subcutaneous, intranasal, intra-
muscular and intravenous routes.

The present invention provides new compounds of
Formula II which are also useful in treating inflamma-
tory bowel disease. Accordingly, the present invention
1s also directed to pharmaceutical compositions which
include at least one compound of Formula I in associa-
tion with one or more pharmaceutically acceptable
diluents, excipients or carriers therefor.

In making the pharmaceutical compositions of the
present invention, one or more compounds of Formula
IT will usually be mixed with a carrier, or diluted by a
carrier, or enclosed within a carrier which may be in the
form of a capsule, sachet, paper or other container.
When the carrier serves as a diluent, it may be a solid,
semi-solid or liquid material which acts as a vehicle,
excipient or medium for the active ingredient. Thus, the
compositions can be in the form of tablets, pills, pow-
ders, lozenges, sachets, cachets, elixirs, suspensions,
emulsions, solutions, syrups, aerosols (as a solid or in a
hquid medium), ointments containing for example up to
10% by weight of active compound, soft and hard gela-
tin capsules, suppositories, sterile injectable solutions
and sterile packaged powders.

Some examples of suitable carriers, excipients, and
diluents include lactose, dextrose, sucrose, sorbitol,

manmtol, starches, gum acacia, calcium phosphate,

alginates, tragacanth, gelatin, calcium silicate, micro-
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crystalline cellulose, polyvinylpyrrolidone, cellulose,
water, syrup, methyl cellulose, methyl- and propylhy-
droxybenzoates, talc, magnesium stearate and mineral
oil. The formulations can additionally include lubricat-
Ing agents, wetting agents, emulsifying and suspending
agents, preserving agents, sweetening agents or flavor-
ing agents. The compositions of the invention may be
formulated so as to provide rapid, sustained or delayed
release of the active ingredient after administration to
the patient by employing procedures well known in the

The compositions are formulated, preferably in a unit
dosage form, such that each dosage contains from about
5 to about 500 mg, more usually about 25 to about 300
mg, of the active ingredient. The term “unit dosage
form” refers to physically discrete units suitable as uni-
tary dosages for human subjects and other mammals,
each unit containing a predetermined quantity of active
material calculated to produce the desired therapeutic
effect, in association with one or more suitable pharma-
ceutical diluents, excipients or carriers.

The following formulation examples may employ as
active mgredients any of the compounds of Formula II.
‘The examples are illustrative only and are not intended
to Iimit the scope of the invention in any way.

EXAMPLE 29

Hard gelatin capsules are prepared using the follow-
Ing ingredients:

Quantity (mg/capsule)

Compound of Example 11 250
Starch dried 200
Magnesium stearate 10

The above ingredients are mixed and filled into hard
gelatin capsules in 460 mg quantities.

EXAMPLE 30

A tablet formula is prepared using the ingredients
below:

Quantity (mg/tablet)
Compound of Example 11 250
Cellulose, microcrystalline 400
Silicon dioxide, fumed 10
Stearic acid | 5

The components are blended and compressed to form
tablets each weighing 665 mg.

EXAMPLE 31

An aerosol solution is prepared containing the fol- °°

lowing components:

Weight %
Compound of Example 12 0.25
Ethanol 29.75
Propellant 22 70.00

(Chlorodifluoromethane)

The active compound is mixed with ethanol and the 65

mixture added to a portion of the propellant 22, cooled
to —30° C. and transferred to a filling device. The re-
quired amount is then fed to a stainless steel container

S
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and diluted with the remainder of the propellant. The
valve units are then fitted to the container.

EXAMPLE 32

Tablets each containing 60 mg of active ingredient
are made up as follows:

Compound of Example 12 60 mg
Starch 45 mg
Microcrystalline cellulose 35 mg
Polyvinylpyrrolidone 4 mg
(as 10% solution in water)

Sodium carboxymethyl starch 4.5 mg
Magnestum stearate 0.5 mg
Talc 1 mg
Total 150 mg

The active ingredient, starch and cellulose are passed
through a No. 45 mesh U.S. sieve and mixed thor-
oughly. The solution of polyvinylpyrrolidone is mixed
with the resultant powders which are then passed
through a No. 14 mesh U.S. sieve. The granules so
produced are dried at 50°-60° C. and passed through a
No. 18 mesh U.S. sieve. The sodium carboxymethyl
starch, magnesium stearate and talc, previously passed
through a No. 60 mesh U.S. sieve, are then added to the
granules which, after mixing, are compressed by a tablet
machine to yield tablets each weighing 150 mg.

EXAMPLE 33

Capsules each containing 80 mg of medicament are
made as follows:

Compound of Example 12 80 mg
Starch 59 mg
Microcrystalline cellulose 39 mg
Magnesium stearate 2 mg
Total 200 mg

The active ingredient, cellulose, starch and magne-
sium stearate are blended, passed through a No. 45 mesh
U.S. sieve, and filled into hard gelatin capsules in 200
mg quantities.

EXAMPLE 34

Suppositories each containing 225 mg of active ingre-
dient are made as follows:

Compound of Example 13 225 mg
Saturated fatty acid 2,000 mg
glycerides to

The active ingredient is passed through a No. 60
mesh U.S. sieve and suspended in the saturated fatty
acld glycenides previously melted using the minimum
heat necessary. The mixture is then poured into a sup-
pository mold of nominal 2 g capacity and allowed to
cool.

EXAMPLE 35

Suspensions each containing 50 mg of medicament
per 5 ml dose are made as follows:

Compound of Example 11 50 mg
Sodium carboxymethylcellulose 50 mg
syrup 1.25 ml
Benzoic acid solution 0.10 ml
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-continued
e ———
Flavor q.v.
Color q.v.
Purified water to S5 ml °

m

The medicament is passed through a No. 45 mesh
U.S. sieve and mixed with the sodium carboxymethyl
cellulose and syrup to form a smooth paste. The benzoic
acid solution, flavor and color are diluted with some of
the water and added, with stirring. Sufficient water is
then added to produce the required volume.

10

15
EXAMPLE 36

Capsules each containing 150 mg of medicament are

made as follows: 20

Compound of Example 13 150 mg

Starch | 164 mg

Microcrystalline cellulose 164 mg 25

Magnesium stearate 22 mg
30
35
40
45
30
25
60

65

30

-continued

Total 500 mg

The active ingredient, cellulose, starch and magne-
stum stearate are blended, passed through a No. 45 mesh
U.S. sieve, and filled into hard gelatin capsules in 500
mg quantities.

We claim:

1. A stereoisomer of a compound of the formula

HO

a pharmaceutically acceptable salt thereof.

2. A stereoisomer of claim 1 which is the (4 ) stereo-
1somer.

3. A stereoisomer of claim 1 which is the (—) stereo-

1SOmer.
*x * - - * *
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